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T RADITIONALLY, the outlook for patients presenting with aneurysmal subarachnoid hemorrhage (SAH) in Hunt and Hess 24 Grade IV or V has been dismal. 3'22'25'37'5~ These poor-grade patients were usually excluded from active treatment regimens, including surgery. Believing that early operative intervention affords the best chance for a good outcome in patients with ruptured intracranial aneurysms, we employed a prospective protocol for treatment of poorgrade patients involving immediate ventriculostomy placement, early surgery, and aggressive postoperative hypervolemic, hypertensive, hemodilutional therapy. With our experience of over 50 Grade IV or V patients treated prior to 1986, we were struck by the occasional patient who achieved excellent outcome despite an initial clinical appearance of brain death. On analyzing our results, we concluded that the admission clinical examination was not an adequate predictor of good survival. Instead, computerized tomography (CT) demonstration of vital brain destruction, intracranial pressures (ICP's) greater than 30 cm H20 in the absence of a clot (after ventriculostomy drainage at a gradient of 15 cm H20) or greater than 50 cm H20 in the presence of a clot, or absent or poor arterial filling on angiography were all uniformly associated with poor outcome.
Based on these observations, we developed a treatment plan to determine whether an aggressive approach could result in improved outcomes in appropriately selected Grade IV or V aneurysm patients. We present our data concerning the presentation, degree of intracranial hypertension and its treatment, and the postoperative course of this patient population.
Clinical Material and Methods

Patient Population
During the period between January 1, 1986, and June 30, 1988 , approximately 250 patients with SAH managed by the senior author (R.F.S.) were treated at our institution. In 232 cases (92.8%) the patients were shown to have an aneurysm by angiography, while 18 (7.2%) were presumed to have an aneurysm as the etiology of their SAH based on the clinical presentation and pattern of basal hemorrhage on CT scans. All patients had CT-documented SAH and ventricular assessment. All patients presenting to the emergency department with this diagnosis are considered here, thus reflecting the true nature of the presentation, natural history of the disease, and management morbidity and mortality of this category of patients. Because the Barrow Neurological Institute is the only Level 1 neurological trauma center in the region, it receives the vast majority of SAH patients from the area presenting with severe neurological deficits, including a significant number of patients transferred in moribund condition.
Management
All patients were initially seen and evaluated by a member of the neurosurgical team and treated in as consistent a manner as the particular circumstances of the patients and their families allowed. ACT scan was performed within 1 hour of arrival. In those patients who were in poor grades and in those with hydrocephalus or intraventricular hemorrhage (IVH), a ventriculostomy was immediately placed following CT. When patients were referred to our institution from an outlying hospital with a previously performed CT scan and arrived in a moribund state, a ventriculostomy was placed in the emergency department. Once inserted, opening pressure was measured and the drainage gradient was set at 15 cm HzO. AS soon as the patient was determined to be medically stable and ICP was not greater than 30 cm HzO in the absence of a clot or not greater than 50 cm H20 in the presence of a clot, fourvessel cerebral angiography was carried out. The patient was then transferred directly to the neurosurgical intensive care unit (NICU) where, in addition to the preexisting peripheral intravenous catheter, an arterial bloodpressure monitoring catheter, a Swan-Ganz catheter, and an indwelling urinary catheter were inserted. Oral or nasotracheal intubation was carried out as needed. If the patient was deemed salvageable based on the radiographic evaluation and had controllable ICP, he was prepared for surgery, which was performed as soon as possible during the following 24-hour period.
At operation, the anterior circulation aneurysms were approached through a standard pterional craniotomy while those of the posterior circulation were approached via a subtemporal, transsylvian, or far-lateral suboccipital technique. Any subdural or parenchymal hematomas were evacuated if present, the basal cisterns and lamina terminalis were opened and irrigated, and the aneurysms were obliterated by clipping. In cases of multiple aneurysms, the aneurysm which had ruptured could usually be determined by an irregular angiographic appearance of its fundus and the pattern of SAH on CT. Thus, the aneurysm responsible for the SAH could be treated initially, allowing subsequent elective clipping of associated multiple aneurysms if they could not be treated at the initial operation. Surgery was performed following a protocol of normotensive, isovolemic management under barbiturate protection with continuous monitoring of cerebral function by somatosensory evoked potentials and cortical compressed spectral analysis.
Following surgery, the patients were returned directly to the NICU where intensive postoperative monitoring, including assessment of cardiac hemodynamic parameters, was performed. Since early surgical clipping had obviated the possibility of aneurysm rupture, patients could be maintained with a high cardiac filling pressure, usually accomplished by administering intravenous fluids at a rate of approximately 200 ml/hr, with half of this volume given as crystalloid and half as colloid solutions. 7~ This allowed maintenance of a relative hypertensive, hypervolemic, hemodilutional state in anticipation of cerebral vasospasm. 5,13,3~ This therapy consisted of intravenuous fluid administration to obtain a pulmonary artery diastolic pressure of 14 mm Hg or greater and a cardiac output of at least 7 liters/ min. If the latter could not be obtained despite adequate pulmonary artery pressure, a beta-adrenergic agonist such as dopamine or dobutamine was used. In patients with persistent neurological compromise despite an adequate pulmonary artery pressure and cardiac output and with simultaneous low systemic vascular resistance (< 1100 dyne/sq cm), an alpha agonist such as phenylephrine was added. In some cases, vasopressin was administered to prevent diuresis of the administered fluid volume.
Immediately following surgery, the ventriculostomy was open to drain against a gradient of 10 cm H20, which was lowered to zero during the period of greatest risk for vasospasm. If infection or bacterial colonization was suspected, the ventriculostomy was removed and replaced at another site. As the patient began to recover and was free of symptomatic vasospasm, the height of the drainage gradient was increased progressively, and, if this was tolerated, finally closed to drainage. Once patients had surpassed the period of predicted vasospasm and were medically and neurologically stable, invasive monitoring was discontinued and they were transferred to a general hospital ward for further recovery. If it was not possible to successfully wean a patient from ventriculostomy drainage, a lumboperitoneal or ventriculoperitoneal shunt was inserted. Discharge planning depended on the clinical status of the patient and included a convalescent care facility or rehabilation unit if necessary. Long-term follow-up review was obtained by personal interviews with patients and families following discharge.
Results
Of these 250 patients, 54 (21.6%) were classified as being in poor condition (Hunt and Hess Grade IV or V). Upon presentation, 22 were in Grade IV while 32 were in Grade V. The mean age of these patients was 56.0 years and the male:female ratio was 2:3. Five patients had aneurysms of the posterior circulation and 15 (27.8%) patients had multiple aneurysms (Table 1) . Forty-seven (87.0%) patients were admitted to our institution within 24 hours of their SAH, one within 48 hours, two within 72 hours, and four within 1 week following their initial bleed.
A ventriculostomy was placed immediately upon presentation in 47 of 54 patients. The mean opening pressure was 402 mm H20, median 300 mm H20, and range 80 to 1000 mm H20. A significant neurological improvement was seen in 31 patients (66.0%); however, their condition remained worse than a Grade III. This improvement was seen as a return of brain-stem function, stabilization of vital signs, and overall improvement in level of consciousness. Patients who improved more than one or two grades upon ventriculostomy were not included in this study. Of the 16 patients who did not show clinical improvement following external ventricular drainage, eight had severe IVH, three had intracerebral hematomas, and four had both. Only one patient did not exhibit CT evidence of intracranial bleeding at a site other than in the subarachnoid space (Table 2) . In seven patients, ventriculostomy was not performed because of CT findings of irreversible brain destruction. Ventriculostomies were maintained for a mean of 8.5 days; in one instance, there was laboratory evidence of ventriculitis which resolved without sequelae following antibiotic therapy. One patient developed an acute subdural hematoma following ventriculostomy placement, which was immediately recognized because of rapidly rising ICP and was successfully evacuated. Of the 54 patients, 19 did not undergo surgery based on CT, ICP, or angiographic criteria (Table  3) . Aneurysm clipping was undertaken in 34 patients (63%). All but three procedures were performed within 24 hours of admission to our institution, with the delay being necessitated for medical stabilization. Eleven patients had concomitant evacuation of an intracranial hematoma (subdural or intraparenchymal).
In 30 patients, admission CT scans were available for review to measure ventricular size. The width of the lateral ventricles at the level of the caudate nuclei was compared to the transverse diameter of the brain at the same level (ventriculocranial ratio). 63 Subjective volumetric grading of ventricular size correlated well with ventriculocranial ratios. A ratio below 0.16:1 was considered to indicate normal-size ventricles, between 0.16 and 0.20:1 mild enlargement, 0.21 and 0.25:1 moderate enlargement, and greater than 0.25:1 severe enlargement. 65 Twelve patients had normal ventricular size, four had mild hydrocephalus, 12 had moderate hydrocephalus, and two had severe hydrocephalus. Fourteen (87.5%) of 16 patients with mild or no ventriculomegaly had ICP's of 30 cm H20 or greater (Table 4) . Six of these patients had no intracerebral or subdural hemorrhage. The ventriculocranial ratios of Grade IV patients (mean 0.19:1, median 0.20:1) were greater than those of Grade V patients (mean 0.14:1, median 0.14:1).
Twenty-seven patients survived to be discharged from the hospital after an average stay of 29.1 days. Twentysix (96.3%) required placement of a shunting system. At the time of discharge, four ( 14.8 %) patients were neurologically intact, five (18.5%) had only mild cognitive deficits, and three (11.1%) had focal neurological deficits of a minimal nature. Eight (29.6%) other patients remained impaired (Glasgow Coma Scale (GCS) score 12 to 14), four of whom had a major focal deficit. Seven patients (25.9%) had GCS scores of 7 to 11; three of these had a major focal deficit. Of the 27 surviving patients, only eight (29.6%) presented with an intracranial hematoma which required evacuation. The 3-month outcome of these patients is summarized in Table 5 .
Neither the timing of surgery nor the condition of the patient appeared to cause operative morbidity, and there was no instance of operative mortality. In all cases, it was possible to provide sufficient retraction and exposure to clip the responsible aneurysm. This was due in great part to the decompression afforded by the indwelling ventricular drain; in 11 cases it was due to concomitant evacuation of intracranial hematoma. In four patients (11.8%), premature rupture of the aneurysm occurred upon induction of anesthesia or during dissection; however, these were controlled with successful clipping in all cases. Postoperative seizures occurred in one patient. Other medical complications such as gastrointestinal hemorrhage, pulmonary embolism, deep-venous thrombosis, myocardial infarction, pneumonia, and urinary tract infection did not occur with increased frequency over our good-grade aneurysm patients and did not account for any increased morbidity or mortality in the initial postoperative phase.
Of the 27 patients who died, 19 (70.4%) had an associated intracerebral hemorrhage or IVH. Fifteen of these patients died precipitously following their hem- * Good = independent lifestyle; fair = dependent in some activities but not housebound; poor = totally dependent or institutionalized. orrhage, with a resultant clinical herniation syndrome and a mean survival time of 22 hours. Five patients died as a result of documented instances of rebleeding; the mean time of occurrence was the 1 st post-SAH day. Four patients died as a consequence of ischemia from cerebral vasospasm, averaging 8.5 days post-SAH. Three died from medical complications (two patients from pneumonia and one from a pulmonary embolus) at a mean of 66.7 days following SAH. Eight of the patients who died had undergone craniotomy for aneurysm clipping and evacuation of an intraparenchymal or subdural hematoma. Of these, four died as a result of ischemia from vasospasm, three from medical complications, and one from brain herniation. The mean age of patients who survived was 45.4 years while those who died averaged 43.0 years of age. Of the 19 patients selected by our management protocol for supportive care only, all died with a mean survival time of 31.8 hours. The cause of death was clinically determined to be uncontrollable ICP in 13 patients, rebleeding in five, and ischemia in one. Functional outcome was graded as follows: good (able to lead an independent lifestyle), fair (dependent in some activities but not housebound), and poor (totally dependent or institutionalized). Of the 35 patients who met our radiographic and ICP requirements for active treatment, 19 (54.3%) had a good outcome, four (11.4%) had a fair result, four (11.4%) were in poor condition, and eight (22.9%) died (Table 5) . Thus, following our paradigm for management, it was possible to select patients who would benefit from active treatment, with nearly twothirds of these having a good or fair outcome.
Discussion
Historical Results
Surgery for ruptured cerebral aneurysms has been almost exclusively reserved for patients who either present in a good grade or (less frequently) spontaneously improve to a good grade during the period of expectant care. 1'2'7'12,21,23 '26,28,31,37'48-50,53"55's8,60'69'72 An uncommon exception to this general rule occurs when patients who are believed to be salvageable harbor a significant intracranial clot. 7,35,s9,66,69 The cornerstone of our therapy rests not only on the benefits of early surgery but also on the belief that intracranial hypertension, with its attendant diminished cerebral perfusion pressure (CPP), causes the initial neurological deficit in a large percentage of poor-grade patients. 34'64 In many of these patients there exists a therapeutic window in which the reduction of intracranial hypertension by the removal of cerebrospinal fluid (CSF) and intracranial clots can 7 64 69 improve intracranial hemodynamics and outcome. ' ' Early in the development of modern methods of patient care following SAH it became apparent that there was a subgroup which fared worst and rarely was improved by active treatment. Hunt and Hess 24 categorized patients with SAH into grades to allow for treatment planning and prognostication. They found a 7 1% to 100% mortality rate among those patients who presented either with an alteration of the level of consciousness plus a major neurological deficit or in a comatose, moribund condition. In addition to the patients' initial neurological compromise, surgery was delayed and mortality and morbidity rates were increased due to rebleeding and an inability to effectively treat cerebral vasospasm. Since operation was considered dangerous in Grade IV and V SAH patients because of cerebral edema, raised ICP, and poor neurological status, many suffered potentially reversible but yet extremely deleterious insults such as intracranial hypertension, acute hydrocephalus, and intracranial hematoma leading to diminished CPP. The majority of reports appearing in the neurosurgical literature have described the results of surgical series of patients and have either excluded altogether or included only a few poor-grade patients. 2,28,48,51,52,58-60,62,68,72 Considering the total management, morbidity and mortality rates for all poor-grade patients clarifies the true outcome in these patients, analyzed by several recent studies (Table 6 ).
Alteration in Cerebral Perfusion Pressure
The incidence of acute hydrocephalus following SAH has been reported to be from 12% to 63%, varying with the hospital referral pattern and increasing with worse neurological condition. 6,21,37,4~
Increased CSF pressure and altered CSF circulation dynamics have been shown in SAH patients. ~~ Acute hydrocepha- 50 .0 * Good = independent lifestyle; fair = dependent in some activities but not housebound; poor = totally dependent or institutionalized. lus has been documented to occur within hours following SAH. 3s'4~ Most patients with acute hydrocephalus have nonspecific signs, usually alteration of consciousness, which is often not distinguished from the perceived effect of the precipitating hemorrhage. 4~ Improvement in neurological status following ventriculostomy or shunting has been seen in up to 86% of SAH patients. 14,19,33,4~
Diminished cerebral blood flow (CBF) has been documented clinically in SAH patients with and without hydrocephalus and in those with increased ICP. 19'2~ 34.39.43.46 A greater reduction in CBF has been shown in poor-grade patients. 39 The presence or absence of hydrocephalus may be irrelevant in Grade IV and V SAH patients. In our series, the incidence of severe hydrocephalus was low despite the patients' poor clinical condition. On the other hand, 87.5% of our patients with mild or no ventriculomegaly had documented elevations of ICP (Table 4) . Therefore, regardless of the absence of radiographic ventriculomegaly, these patients still suffered from intracranial hypertension and benefited from ventriculostomy. The sudden introduction of blood into the subarachnoid space has been shown experimentally to cause intracranial hypertension secondary to an increase in CSF outflow resistance. This can result in alterations of CBF and brain edema without ventricular enlargement. 8'27 Hakim, et al., TM have shown that alterations in ventricular size are brought about by the effective CSF pressure and not necessarily by the ICP. The former parameter depends on the viscoelastic properties of the brain parenchyma and the venous drainage system beginning at the extracellular and venous capillary level. Thus, high ICP can be compatible with normal or smaller ventricular dimensions. TM This is reminiscent of pseudotumor cerebri, in which intracranial hypertension coexists with small ventricular size. This disorder, like aneurysmal SAH, causes intracranial hypertension due to increased resistance to CSF outflow. 16"47 In poor-grade SAH patients, increased ICP is usually present 2~ and deserves immediate ventriculostomy, irrespective of the absence of radiographic ventriculomegaly.
Several articles have reported excellent outcome from series of aneurysmal SAH patients treated by definitive surgery. 4'9'28,29 '48'51-54'58'60'61,68,72 However, these are usually selected and referred patients who have survived a period of preoperative conservative management, thus actually representing a subgroup of a larger population of patients. As has been often mentioned but seldom studied before, a correct analysis should include all patients who experience SAH, not just those selected for operative therapy, if the actual management morbidity and mortality rates are to be known. We believe that poor-grade SAH patients are distinguished from good-grade patients primarily because the former are experiencing increased ICP, either from an increase in CSF outflow resistance, acute hydrocephalus, intracranial hemorrhage (intraventricular, intraparenchymal, or subdural), cerebral edema, or a combination of these factors. 27 '40'41,45,46,64 This cerebral insult establishes the pathogenetic mechanism whereby CPP (mean cerebral arterial blood pressure -cerebral venous pressure) is diminished, leading to further cerebral insults and a rapidly established cycle for demise. If ICP is elevated, it then assumes the place of cerebral venous pressure in the equation for CPP. 67'7~ Immediate external drainage of CSF is the most effective manner of reducing ICP, maximizing CPP, and reducing ischemia and the likelihood of cerebral herniation syndromes.IS,4~ Some investigators believe that CSF drainage also lessens the risk of vasospasm. 11,57,72 By negating ICP in the equation, we achieve the goal of making CPP nearly equal to mean arterial blood pressure, the latter manipulatable by control of cardiovascular hemodynamics.17,7o
Treatment Protocol
Based on our experience, the following criteria are recommended for selection of patients for treatment ( show radiographic evidence of irreversible brain destruction. For instance, a large hemispheric infarct with mass effect or a hematoma in the dominant basal ganglia or in the brain stem would preclude active treatment. If, following ventriculostomy, the ICP cannot be controlled below 30 cm H20, implying inadequate CPP (unless a space-accompanying clot is present), these patients also would not undergo craniotomy. Likewise, surgery would not be performed on patients with poor or absent intracranial filling on angiography. Once medically stable, the remaining patients would have early surgery for aneurysm clipping and evacuation of any intracranial clots, irrespective of their neurological examination. Postoperative aggressive hypertensive, hypervolemic, hemodilutional therapy is instituted as needed. Certainly, it is well appreciated that patients in a worse neurological condition are expected to have a poorer outcome, but we have found that the preoperative neurological status as well as the clinical examination are not preferred criteria of selection for active treatment. In addition, as for the well-known incidence of patients who harbor an intracranial clot being salvageable, it is our experience that IVH with casting of the entire ventricular system will often mimic clinical brain death diagnosed by examination yet be compatible with full recovery as the ventricular blood clears. As always, the act of medicine requires consideration of the patient's age, medical condition, and preexisting illness, and the family's desires in arriving at an appropriate plan of treatment.
We thus believe that our paradigm of aggressive surgical management based on ICP measurements, CT appearance, and angiographic demonstration of adequate blood flow will provide the Grade IV or V patient with the greatest opportunity for meaningful recovery regardless of the initial neurological presentation. Most importantly, this aggressive approach did not result in a larger number of survivors in poor condition but instead appears to improve the overall number of good survivors, With the selection criteria described above, all patients not selected for surgery died, whereas patients selected for surgery had a 66% incidence of fair or good outcome (Table 5) . We conclude that an aggressive surgical approach based on appropriate selection criteria is warranted in Grade IV and V patients.
